Abstract. Prostate apoptosis response-4 (Par-4) is a tumorsuppressor protein that induces apoptosis in cancer cells, but not in normal cells. The cancer-specific pro-apoptotic action of Par-4 is encoded in its centrally located Sac domain. in this study, to further enhance the anti-cancer effect of Par-4 in order to overcome the limitations of peptide therapy, a recombinant adeno-associated virus was constructed using the following strategies: the secretory expression of therapeutic peptide, a Ha2TaT-mediated cytosolic delivery technique, and an adenoassociated virus gene transfer system. To test the hypothesis that Par-4 has an additive bystander effect as an anti-cancer therapy, we designed a secretory protein by adding a secretory signal peptide nT4(Si) to the Par-4 Sac-Ha2TaT peptide gene sequence [nT4(Si)-Par-4 Sac-Ha2TaT]. The results indicated that, compared to the normal niH3T3 cell line, aaV-nT4(Si)-Par-4 SAC-HA2TAT significantly suppressed cell growth and induced rapid cell death in HepG2 cells in a time-dependent manner through successful gene transfer and secretory expression of therapeutic peptide at 48 h post-transfection. In addition, the secretory properties of Par-4 may greatly increase its effectiveness in cancer therapy when delivered in vivo.
Introduction
The prostate apoptosis response 4 gene (par-4 or PAWR) was identified in a differential screen for pro-apoptotic genes in prostate carcinoma cell lines (1) . The Par-4 gene maps to human chromosome 12q21, a region frequently deleted in certain malignancies (2) , and encodes a 38 kDa protein containing two nuclear localization signal (nlS) domains (3) and a leucine zipper domain in the cooH-terminal region, which interacts with a variety of proteins, including the atypical protein kinases ζPKc, λPKc and the Wilms' tumor suppressor protein WT1 (4) (5) (6) (7) .
Par-4 is a tumor-suppressor protein that selectively induces apoptosis in cancer cells, but not in normal/immortalized cells, and is widely expressed in diverse normal and cancerous cell types and tissues (8) . In normal or immortalized cells, Par-4 does not enter the nucleus and is unable to induce apoptosis (9, 10) . The Par-4 Sac domain, a 59-amino-acid (137-195: GKSSGPSarKGKGQieKrKlreKrrSTGVVni PaaecldeYeddeaGQKerKredaiTQ) core domain that includes NLS2, is necessary and sufficient to induce Fas pathway activation, the inhibition of NF-κB activity, and apoptosis (9) . An essential feature of anti-cancer strategies is selective action against cancer cells, with little or no damage inflicted on normal cells. Therefore, the SAC domain, which represents the minimal functional pro-apoptotic unit of Par-4, is an ideal candidate for anti-cancer therapy (8, 9) .
One of the many hurdles facing gene therapists is the requirement to optimize gene delivery systems in such a way that both efficient and selective transgene production is achieved in vivo within a chosen cell or tissue (11) . Vectors based on recombinant adeno-associated virus (rAAV) offer a number of attractive features and are emerging as promising gene transfer vehicles for many in vivo applications. Unfortunately, the utility of peptides directly injected into solid tumors is limited by their short biological half-life, degradation, difficulty in reaching the effective dose and high cost. We therefore constructed a novel recombinant adeno-associated virus containing a secretory expression cassette [signal peptide sequence and pro region of neurotrophin 4(NT4) fused to the Par-4 SAC-HA2TAT peptide gene sequence] to explore whether Par-4 SAC-HA2TAT fusion gene transfer and secretory expression is a promising cancer gene therapy approach. The anti-cancer effect of this fusion peptide derived from Par-4 SAC would be reinforced if transfected tumor cells themselves secreted this peptide, interacting with other surrounding untransfected tumor cells. Co-treatment with the fused NT4(Si)-Par-4 SAC-HA2TAT peptide may be a promising approach for validating intracellular targets of effective peptide-based anti-cancer drugs, and thus may have an additive bystander effect as an anti-cancer therapy.
Materials and methods
Cell lines and cell culture. The human hepatocellular carcinoma cell line HepG2 was cultured in rPMi-1640 containing 10% heat inactivated fetal bovine serum (FBS; Gibco BRL). Human embryonic kidney 293 cells and NIH3T3 cells were maintained in Dulbecco's modified Eagle's medium (DMEM; Gibco Brl) supplemented with 10% FBS, 100 u/ml penicillin and 100 µg/ml streptomycin. The cell lines were purchased from the American Type Culture Collection and maintained at 37˚C in a 5% carbon dioxide humidified incubator. Subsequent experiments were performed using cells harvested during the exponential growth phase.
Primers design and synthesis. The Par-4 SAC DNA fragments with two restriction enzymes, Naei and Kpni (underlined), at two extreme ends were synthesized by Beijing Sun Biotechnology co. Primers were designated according to the published sequence of the Par-4 SAC gene in GenBank (NM_002583). In this study, four primers were designated, two forward and two reverse. The primers sequences were as follows: forward primer F1, 5'-gGccGGcGTGGGaTG G G ca aGaGcTcG G G ccccaGTG ccaG Ga a aG G CAAGGGGCAG-3' , and reverse primer r1, 5'-GACCAC GCCGGTGGaGcGccGcTTcTcccGcaGcTTccT cTTcTcGaTCTGCCCCTTG-3'; forward primer F2, 5'-GGCGTGGTCaacaTcccTGccGcaGaGTGcTTa GaTGaGTacGaaGaTGATGAAGCAGG-3' , and reverse primer r2, 5'-gGGTaccTTGTGTaaTTGcaTcTTcTcG TTTccGcTcTTTcTGcCCTGCTTCAT-3'. Primer F1 contains a complementary overlap region with primer r1 (bold), as do primers F2 with r2 and F2 with r1. The Par-4 SAC gene was spliced by overlap extension. Amplification was carried out in a 100-µl volume Pcr mix containing 10 µl PCR buffer 10X, 2 µl dNTPs, 2 µl of each PCR primer (F1, F2 and r1, r2) (50 pmol/µl), 1 µl Taq Polymerase (Promega) and 79 µl H 2 O under the following thermocycling conditions: initial denaturation at 94˚C for 5 min, followed by 30 cycles of amplification at 94˚C, 60 sec of denaturation; 37˚C, 60 sec of annealing; 72˚C, 80 sec of extension and a final extension for 5 min at 72˚C. The four primers produced a 199-bp fragment that was used in the subsequent experiment.
Cloning and nucleotide sequencing of Par-4 SAC cDNA.
After identification (Par-4 SAC) by digestion with the restriction enzymes and DNA sequencing, the purified PCR products were subcloned into pGeM-T-easy vector (Promega). cloning procedures were performed according to the manufacturer's instructions, and the resulting plasmids were examined by restriction enzyme digestion and agarose gel electrophoresis. DNA sequencing was performed by Shanghai Sangon Biological engineering Technology and Services (Shanghai, P.r. china). Sequence analysis was carried out using applied Biosystems 310 dna analysis instruments.
Plasmid construction. The HA2TAT DNA fragment with two restriction enzymes, Kpni and Xhoi, at two extreme ends was synthesized by Huaguang Bio-engineering co. according to the method described by Sugita et al (12) and GenBank. The HA2TAT fragment was then subcloned into pGEM-T-easy vector. After identification by digestion with restriction enzymes and dna sequencing, the Par-4 Sac and HA2TAT fragments were inserted into the pUC19/ nT4(Si) vector (Huaguang Bio-engineering co.), pre-digested with EcoRi and Naei, and resulted in puc19/nT4(Si)-Par-4 Sac-Ha2TaT. The signal peptide sequence and pro region of NT4 was polymerase chain reaction (PCR)-cloned from human genomic dna and subcloned into the EcoRi/Naei site of the pUC19 vector. After digestion with EcoRi and Xhoi, the NT4(Si)-Par-4 SAC-HA2TAT fragment from the pUC19/ nT4(Si)-Par-4 Sac-Ha2TaT plasmid was inserted into multiple cloning sites of the expression plasmid pSSHG-CMV. The resulting plasmid was named pSSHG-cMV/nT4(Si)-Par-4 Sac-Ha2TaT. The recombinant plasmids were transformed into the appropriate E. coli dH5α (invitrogen) competent cells according to the manufacturer's protocol. Plasmid DNA was confirmed by restriction enzyme digestion and dna sequencing.
To generate a control expression plasmid containing green fluorescent protein, the EGFP gene was amplified from eGFP-c2 plasmid (Huaguang Bio-engineering co.) by Pcr. Primer sequences were as follows: forward primer, 5'-CGGGaTccaTGGTGaGcaaGGGcGaGG-3' and reverse primer, 5'-cGcTcGaGTCAAGTCCGGCCGGACTTGTAC-3'. After verification by DNA sequencing, the resulting PCR fragment was digested with BamHi and Xhoi (underlined) and inserted into the pSSHG-cMV plasmid.
Virus production and titer determination. The three-plasmidbased adeno-associated virus (aaV) expression system was purchased from Invitrogen. Briefly, 20 µg of pFG140 plasmid, 10 µg of pAAV/Ad plasmid and 10 µg of pSSHG-CMV/ nT4(Si)-Par-4 Sac-Ha2TaT or pSSHG-cMV/eGFP were co-transfected into 293 cells using the calcium phosphate co-precipitation method. conditioned medium was harvested at 72 h after transfection and filtered through 0.45-µm filters. Concentrated viral stocks were prepared by ultracentrifugation of 3 ml conditioned medium at 40,000 x g at 4˚C for 1.5 h in an SW41 rotor (Beckman). Then, the pellet was resuspended in 30 µl of complete medium and frozen at -80˚C. The resulting recombinant aaV was named aaV-nT4(Si)-Par-4 Sac-Ha2TaT or aaV-eGFP. The recombinant aaV viral stock was titrated by dot blot.
AAV mediated gene transfer and expression in HepG2 cells.
HepG2 cells were seeded into 6-well plates at a density of 1x10 6 cells/well. Cells were allowed to adhere for 24 h and then infected with AAV-EGFP at multiplicities of infection (MOI) of 4 transducting units (TU)/cell. The EGFP-positive cells were observed and calculated under a fluorescence microscope at 48 h post-infection.
The expression of NT4(Si)-Par-4 SAC-HA2TAT mRNA was detected by reverse transcription (rT)-Pcr. HepG2 cells were seeded into 100-ml culture flasks at a density of 2x10 6 cells/flask and infected with AAV-NT4(Si)-Par-4 SAC-HA2TAT (MOI, 4 TU/cell). After 48 h, total RNA was extracted using Trizol reagent (Gibco, los angeles, ca, USA). The RT step was carried out for 60 min at 37˚C with 5 µg of total RNA that had been treated with RNasin and AMV reverse transcriptase (Invitrogen) in the presence of random primers. Pcr was carried out in 100-µl reaction volumes containing 10 µl (2.5 ng) cdna, 2 µl 10 mmol/l dnTPs, 1 unit of Taq DNA polymerase, 10 µl of 10X Taq buffer and 1 µl 50 pmol of NT4(Si)-Par-4 SAC-HA2TAT primers (forward primer, 5'-aTGcTcccTcTccccTcaTGc-3'; reverse primer, 5'-TcaTcTTcGTcGcTGTcTccGc-3'). rT-Pcr procedures and conditions were performed as follows: initial denaturation at 94˚C for 3 min, followed by 30 cycles at 94˚C, 1 min of denaturation; 53˚C, 1 min of annealing; 72˚C, 90 sec of extension and a final extension for 5 min at 72˚C in a thermal cycler. The rT-Pcr products were electrophoresed on 2% agarose gel and documented by photography.
Morphological analysis. exponentially growing cells (HepG2 and NIH3T3) were incubated at a density of 1x10
5 cells/ well in 24-well plates and infected with AAV-NT4(Si)-Par-4 Sac-Ha2TaT or aaV-eGFP. untreated cells served as the control. Cells were harvested at three time points (24, 48 or 72 h) after transfection. For morphological analysis, cells were observed under a phase-contrast microscope (olympus, Japan) at various intervals.
MTT assay. The effect of AAV-NT4(Si)-Par-4 SAC-HA2TAT on cancer cell viability was determined by 3-[4,5-dimethylthiazol-2yl]-2,5 diphenyl tetrazolium bromide (MTT) dye reduction assay, which measures mitochondrial respiratory function. Exponentially growing cells (HepG2 and NIH3T3) were plated in 96-well plates and grown for 24 h, then transfected with AAV-NT4(Si)-Par-4 SAC-HA2TAT or AAV-EGFP. The culture medium was replaced with fresh medium after 12 h. At various time points (24, 48 and 72 h) after adeno-associated virus infection, the MTT assay was performed according to the manufacturer's instructions. The optical density (od) was determined by eluting the blue crystals with dMSo, and the absorbance was measured at 490 nm by a microplate reader (labsystems, Finland). all MTT assays were performed in triplicate.
Flow cytometric analysis.
At 48 h after infection with aaV-nT4(Si)-Par-4 Sac-Ha2TaT or aaV-eGFP, both floating and attached HepG2 and NIH3T3 cells were collected from each sample. The cells were fixed in 70% ethanol, treated with 0.1 g/l rnase a, washed twice with PBS and stained with 100 mg/l propidium iodide. dna content was analyzed by flow cytometry (Facscalibur BD, San Jose, CA, USA) and the fraction of cells with sub-G1 DNA content was quantified. At least three independent experiments were performed. The percentage of cells in the subdiploid region was considered an index of apoptosis. cells treated with aaV-eGFP were run in parallel and served as the positive control, while untreated cells served as the negative control.
Protein secretion and activity test. The bystander effect was measured, as well as the killing effect of the reactive supernatant in tumor cells treated with aaV-nT4(Si)-Par-4 Sac-Ha2TaT. HepG2 cells were cultured in a 6-well plate and then transfected with the AAV-NT4(Si)-Par-4 SAC-HA2TAT and AAV-EGFP plasmids. After a 6-h incubation, the cells were washed with fresh culture medium and cultured for an additional 96 h. The culture supernatants were then respectively collected and added to the monolayers of HepG2 cells grown in 24-well plates. These cells had also been washed with PBS before the addition of the supernatants. At various times post co-culture, the MTT assay and morphological changes were analyzed. Assays were performed at least in triplicate.
Statistical analysis. data are presented as the mean ± Sd (standard deviation of the mean). Statistical comparison between the treated and control groups was performed by the two-tailed Student's t-test. Statistical analysis was performed using SPSS software (version 12.0; SPSS, Chicago, IL, USA). Differences were considered to be statistically significant at a P-value of <0.05. (Fig. 1) .
Expression of NT4(Si)-Par-4 SAC-HA2TAT delivered by adeno-associated virus vector.
Biophysical probes, such as fluorophores, are useful for investigating the process of AAV infection. Enhanced green fluorescent protein (EGFP) is an attractive option because of its high labeling specificity and ease of use (13) . These ubiquitous probes have been extremely useful as reporters for gene expression studies in cultured cells and tissues, as well as living animals (14) .
Green fluorescent staining in HepG2 cells was observed using an inverted fluorescence microscope. EGFP-positive cells were counted. When cells were infected with AAV-EGFP at a MOI of 4 TU/cell, >80% of cells were EGFP-positive at 48 h post-transfection ( Fig. 2A) . (Fig. 2C) , which proved that the process of adeno-associated virus construction was successful and that the recombinant adeno-associated virus possessed the ability to efficiently infect and express the gene in target cells.
Morphological changes in HepG2 cells after transfection with AAV-NT4(Si)-Par-4 SAC-HA2TAT.
Morphologically, rapid cell shrinkage, increases in cell granularity and chromatin condensation are the most notable changes associated with apoptosis. These changes allow populations of apoptotic and normal cells to be distinguished using light microscopy.
In this study, significant morphological changes of HepG2 cells showed cell apoptosis in cells treated with aaV-nT4(Si)-Par-4 Sac-Ha2TaT vs. aaV/eGFP and untreated cells (Fig. 3c-F) . niH3T3 cells treated with aaV-nT4(Si)-Par-4 Sac-Ha2TaT and PBS showed no marked differences in morphology (Fig. 3A and B) . These results demonstrated that treatment with aaV-nT4(Si)-Par-4 SAC-HA2TAT effectively elicits cell killing in cultured human liver cancer cells, but not in normal human fibroblasts.
Cytotoxicity of AAV-NT4(Si)-Par-4 SAC-HA2TAT in HepG2 cells. Cytotoxicity effects on the HepG2 cells after infection
with aaV-nT4(Si)-Par-4 Sac-Ha2TaT were determined by the MTT assay, which is based on the ability of mitochondrial dehydrogenases in viable cells to reduce MTT, a soluble yellow tetrazolium salt, to blue formazan crystals. 
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After transfection, cell viability was determined at various times by the MTT dye reduction assay. Expression of recombinant protein slightly decreased the viability of HepG2 cells at 24 h post-transfection. The same was true in NIH3T3 cells (Fig. 4) . At 48 h post-transfection, the viability of NIH3T3 cells was only slightly decreased compared to that at 24 h. However, the viability of HepG2 cells was significantly decreased at 48 h post-transfection. The presence of recombinant Par-4 SAC caused a decrease in HepG2 cell viability to <50% at 48 h post-transfection.
The cell viability study showed a significant difference in cell killing between HepG2 and NIH3T3 cells. The MTT assay demonstrated that, compared to the control group transfected with AAV-EGFP, AAV-NT4(Si)-Par-4 SAC-HA2TAT undoubtedly had a cytotoxic effect on the cancer cells (Fig. 4) . Moreover, the cell viability of the HepG2 cells was gradually Sac-Ha2TaT has a greater ability to induce apoptosis in human liver cancer cells than in normal cells. in addition, the HepG2 cells displayed a decrease in the G1 peak from 65.36±6.50 to 52.40±4.70% and an increase in the G2 peak from 0.31±0.23 to 11.17±3.02% compared to the control cells after infection for 48 h. The sub-G1 peak was detected, which suggests that cell cycle regulation may have been influenced by AAV and the expression of NT4(Si)-Par-4 Sac-Ha2TaT.
Effect of secreted Par-4 SAC-HA2TAT on HepG2 cells.
The presence of NT4(Si) enables Par-4 SAC-HA2TAT to be secreted outside the transfected cells and to re-enter adjacent un-transfected HepG2 cells, potentially increasing the efficacy of Par-4 SAC-HA2TAT used as cancer therapy. To determine the feasibility of its use, the recombinant construct was used to transfect HepG2 cells and the culture supernatant was collected. HepG2 cells were then co-cultured with this supernatant. at various time points post co-culture, significant apoptotic morphological changes in HepG2 cells (but not in control cells) were observed by light microscopy, and were indicative of apoptosis ( Fig. 6A and B) . It was also possible to visualize the bystander effect of rAAV by the MTT dye reduction assay. as shown in Fig. 6c 
Discussion
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide. its global incidence continues to increase (15) , so effective systemic therapy for advanced HCC is urgently required. Apart from conventional systemic chemotherapy, targeted therapy potentially provides another treatment modality for advanced-stage HCC patients. The toxicity of targeted therapy is generally much lower than that of conventional cytotoxic agents due to its improved selectivity against cancer cells (16) .
Since Par-4 SAC does not cause the apoptosis of nontumor cells, replenishment of Par-4 SAC levels or reactivation of the pathways of Par-4 SAC-mediated apoptosis represent promising targets for cancer treatment and gene therapy (9, 17) . The ability of Par-4 SAC to selectively induce apoptosis in transformed cells makes it attractive as an apoptosis-inducing agent for cancer therapy as compared to other pro-apoptotic proteins. in this study, we constructed a novel recombinant adeno-associated virus [aaV-nT4(Si)-Par-4 Sac-Ha2TaT]. The aim of this study was to evaluate the anti-proliferative and cytotoxic properties of NT4(Si)-Par-4 SAC-HA2TAT in a human HepG2 cell line and to explore whether this protein has potential use in cancer gene therapy. Since the therapeutic targets of cancer generally exist inside the cell, it is necessary to establish drug (gene/peptide) delivery methods that transfer macromolecules, such as therapeutic proteins or peptide-based drugs, across the cellular membrane. Protein transduction domains (PTds) have been extensively utilized for intracellular delivery in vitro and in vivo (18) (19) (20) . The best-known example of a PTD is the TAT-mediated delivery of peptide-blockers. TAT peptides are useful carriers for delivering biologic molecules into the cell for the functional analysis of intracellular disease-related proteins and the treatment of refractory diseases (21) .
Meanwhile, most of the treated peptides are entrapped in the macropinosomes, limiting the biologic function of the cargo (for example, the Par-4 SAC). With this in mind, we constructed the recombinant Par-4 Sac-Ha2TaT, with the aim of enhancing the endosome-escape efficiency of the TAT-cargos using the N-terminal 20 amino acid peptide of the influenza virus hemagglutinin protein (HA2). Several recent studies have shown that TAT fused with HA2 (HA2TAT GlFeaieGFienGWeGMidGWYGYGrKKrrQrrr) markedly enhances the disruption of macropinosomes. This Ha2TaT-mediated cytosolic delivery technique leads to the enhanced cytotoxicity of TAT-fused anti-cancer peptides (12, 22) .
One of the obstacles facing gene therapy for malignant tumors is low transgene efficiency, as it is difficult to transfer target genes into each tumor cell. The focus of our studies is how to enhance the anti-cancer effect of these genes and simultaneously how to overcome the disadvantages of targeted therapy. Previous investigations have attempted to circumvent this limitation by exploiting what are called bystander effects, based on the transfer of vector transgene products from infected to uninfected cells. Bystander effects does not increase transgene efficiency; rather, they enhance cell killing ability (23) . In this study, we employed two strategies: the application of an adenoassociated virus gene transfer strategy, and the application of a secretory expression strategy of the therapeutic peptide.
The development of vectors that enable efficient gene delivery and stable transgene expression is regarded as one of the main priorities in the field of gene therapy (24) . Adenoassociated virus is a preferred vector for delivering therapeutic genes due to its safety profile and long-term gene expression in vivo (25) . The recombinant aaV applied in this study may serve to improve gene delivery efficiency.
It is well known that signal peptides are located at the amino terminal of an amino acid sequence of a secretion protein. They play an important role in protein targeting and protein translocation in both prokaryotic and eukaryotic cells. This was our first attempt to utilize the NT4 signal peptide to mediate the entry of other therapeutic peptides into the secretory pathway (26) . nT4 is processed in the constitutive secretory pathway, and is diffusely distributed within the cells and released, soon after being synthesized, in a manner that is not affected by cell depolarization (27) . Analysis of the structure of NT4 shows that the human NT4 initation codon is followed by a signal peptide sequence, a pro region and an apparent dibasic cleavage site. This is followed by the sequence of the mature NT4. The signal peptide sequence and pro region of human NT4 is notably shorter (by 243 bp) than that of the other neurotrophins (26) . Due to the insertion of the NT4 signal peptide, recombinant Par-4 SAC was capable of being secreted from transfected cells and of re-entering adjacent untransfected HepG2 cells.
In this study, we successfully constructed rAAV containing the NT4(Si)-Par-4 SAC-HA2TAT fusion gene by in vitro recombinant dna technology. rT-Pcr detected the expression of NT4(Si)-Par-4 SAC-HA2TAT. By incorporating a synthetic signal peptide, -nT4(Si), we expected Par-4 SAC to be secreted from the transfected HepG2 cells as Par-4 SAC-HA2TAT fusion protein and to re-enter adjacent untransfected HepG2 cells, thus enabling NT4(Si)-Par-4 SAC-HA2TAT functional activity and efficiently inducing HepG2 cell apoptosis in a time-dependent manner. This construct acted as both a protein and a gene therapeutic agent, and increased the potency of Par-4 SAC in cancer therapy.
To investigate the effects of AAV-NT4(Si)-Par-4 Sac-Ha2TaT, the MTT assay, morphological analysis and flow cytometric analysis were used. The results indicate that aaV-nT4(Si)-Par-4 Sac-Ha2TaT induced apoptosis in HepG2 cells after infection for 48 h, and that its cytotoxicity operated in a time-dependent manner. This is possibly related to the process of AAV infection, integration and the expression of the target gene, which gradually strengthened over time after AAV infection. In NIH3T3 cells, no induction of apoptosis above the background level was observed. HepG2 cell lines tested in our experiments showed a potent bystander effect, allowing for the destruction of a large percentage of nontransfected tumor cells in the presence of AAV-NT4(Si)-Par-4 SAC-HA2TAT-transfected tumor cells. This bystander effect greatly amplified the efficacy of NT4(Si)-Par-4 SAC-HA2TAT cancer gene therapy, while targeting only a fraction of the cells.
In conclusion, our results demonstrate that the growth of HepG2 cancer cells is significantly inhibited by AAV-NT4(Si)-Par-4 Sac-Ha2TaT. This study elucidated the mechanisms of the secretory expression of Par-4 SAC-HA2TAT peptide mediated by adeno-associated virus. This novel secretory characteristic increases the possibility of Par-4 SAC being used in cancer gene therapy. our study thus contributes to the design of innovative cancer-selective therapeutics using Par-4 SAC. However, a large number of unanswered questions remain regarding the mechanisms and therapeutic usage of Par-4 SAC, and further studies are certainly required.
